Flexion tear-drop fractures (FTDF) represent up to 15% of overall recent cervical spine injuries. It is a highly unstable condition with a high incidence of neurological complications. It was first described by Schneider and Kahn [20] in 1956 as a body fracture following an "acute flexion" injury with a wedge separation of the antero-inferior aspect of the vertebral body. It has unique associated radiological features, such as backward displacement of the fractured body, posterior displacement of the upper column of the divided cervical spine, widening of the interlaminar and interspinous spaces, and kyphotic deformity of the cervical spine at the level of injury [11] . Some additional features only became recognized with the use of polytomography and the advent of CT imaging [7, 15] , such as a frequently associated sagittal split fracture through the vertebral body and one or both laminae. Due to disruption of the three columns and the high potential Abstract Flexion tear-drop fractures (FTDF) in the cervical spine constitute a highly unstable condition with a high incidence of neurological complications due to posterior displacement of the fractured vertebra in the spinal canal. The widely accepted surgical management for this condition includes complete excision and grafting of the vertebral body through an anterior approach. Thorough radiological and CT analysis of FTDF shows that the vertebral body is often separated into two parts by a sagittal plane fracture, but remains continuous through the pedicle and anterior arch of the vertebral foramen with the lateral mass and the articular processes. We therefore hypothesized that reduction would be possible by acting on the articular process through a posterior approach with a particular plating technique. Eight patients with FTDF were operated on with the technique we describe. Three had complete tetraplegia, four had incomplete tetraplegia and one was normal. A preoperative CT scan was made in all patients. Local kyphosis, posterior displacement of the vertebral body, and general lordosis in the cervical spine were recorded. In all cases, a satisfactory reduction was achieved on the postoperative radiographs and at the mean follow-up of 18.6 ± 12.1 months, with residual posterior displacement being less than 1 mm. No complication occurred. Out of seven neurologically impaired patients, five showed some motor recovery at the latest follow-up. The posterior technique is described, and the rationale and pros and cons are discussed. The study showed that posterior reduction and fixation of flexion tear-drop fracture is not only possible, but permits an accurate restoration of the anatomy of the fractured cervical spine.
Introduction
Flexion tear-drop fractures (FTDF) represent up to 15% of overall recent cervical spine injuries. It is a highly unstable condition with a high incidence of neurological complications. It was first described by Schneider and Kahn [20] in 1956 as a body fracture following an "acute flexion" injury with a wedge separation of the antero-inferior aspect of the vertebral body. It has unique associated radiological features, such as backward displacement of the fractured body, posterior displacement of the upper column of the divided cervical spine, widening of the interlaminar and interspinous spaces, and kyphotic deformity of the cervical spine at the level of injury [11] . Some additional features only became recognized with the use of polytomography and the advent of CT imaging [7, 15] , such as a frequently associated sagittal split fracture through the vertebral body and one or both laminae. Due to disruption of the three columns and the high potential Abstract Flexion tear-drop fractures (FTDF) in the cervical spine constitute a highly unstable condition with a high incidence of neurological complications due to posterior displacement of the fractured vertebra in the spinal canal. The widely accepted surgical management for this condition includes complete excision and grafting of the vertebral body through an anterior approach. Thorough radiological and CT analysis of FTDF shows that the vertebral body is often separated into two parts by a sagittal plane fracture, but remains continuous through the pedicle and anterior arch of the vertebral foramen with the lateral mass and the articular processes. We therefore hypothesized that reduction would be possible by acting on the articular process through a posterior approach with a particular plating technique. Eight patients with FTDF were operated on with the technique we describe. Three had complete tetraplegia, four had incomplete tetraplegia and one was normal. A preoperative CT scan was made in all patients. Local kyphosis, posterior displacement of the vertebral body, and general lordosis in the cervical spine were recorded. In all cases, a satisfactory reduction was achieved on the postoperative radiographs and at the mean follow-up of 18.6 ± 12.1 months, with residual posterior displacement being less than 1 mm. No complication occurred. Out of seven neurologically impaired patients, five showed some motor recovery at the latest follow-up. The posterior technique is described, and the rationale and pros and cons are discussed. The study showed that posterior reduction and fixation of flexion tear-drop fracture is not only possible, but permits an accurate restoration of the anatomy of the fractured cervical spine.
for instability, the widely accepted surgical management includes complete excision and grafting of the vertebral body through an anterior surgical approach [1] .
Thorough radiological and CT analysis of FTDF usually shows that the vertebral body is separated into two parts by an usual sagittal plane fracture as described by Lee et al. [15] , but remains continuous through the pedicle and anterior arch of the vertebral foramen with the lateral mass and the articular process. Each so-called "hemivertebra" has a variable amount of posterior displacement, with a resulting protrusion of the posterior wall of the vertebral body into the canal and variable compression of the spinal cord. It is also slightly rotated, with a posterior opening of the sagittal fracture line (Fig. 1) .
According to the analysis of clinical and radiological features, and through the review of physiopathology, the senior author (F.S.) had the idea that it may be possible to adequately reduce the whole displacement of FTDF in a single process by acting on the lateral masses of the fractured vertebra. He used it as a principle of surgical management with a posterior approach, open reduction, and internal fixation technique.
By translating the hemivertebra anteriorly, the body and the lateral mass would be reduced on one side and then on the contralateral side, driving each part the opposite way to the direction it was displaced at the time the fracture occurred. In doing so, the posterior aspect of the vertebral body would be realigned with the superior and inferior verterbral walls, and the spinal canal would be cleared. As previously said, if the FTDF has a "regular" pattern, the CT scan shows complete continuity of the articular mass with the fractured body through the pedicle, thus making it possible to act on the lateral mass to reduce the body (Figs. 2, 3) . By applying two posterior three-hole cervical plates down to the articular processes at the fractured level, it would be possible to use the articular processes of the subjacent and underlying vertebrae as a support and to apply a lever effect through a modification of the plate. The latter should be given additional bending, or a spacer should be added between the plate and the lateral mass to securely maintain it forward and keep the reduction (Fig. 4) . Ultimately, a specific plate including a build-up close to the middle hole should be designed. The role of the plate would be to reduce the vertebra by pushing forward on the lateral articular mass. The reduced lesion could then be fixed by inserting screws into the lateral masses as described by Roy-Camille et al. [18] .
Flexion instability due to soft tissue disruption is usually present at the level above or at the level below the fractured body. Obviously, such instability would also be corrected by the plate, which would provide reduction of the local kyphosis as an additional benefit.
The purpose of this study was to evaluate the effectiveness of this method for accurate reduction and stabilisation of FTDF occurring in both neurologically impaired and neurologically intact patients.
Materials and methods

Patients
Eight patients with FTDF of the cervical spine were treated with a posterior open reduction and internal fixation technique. The initial injury was a diving accident in three cases, a car accident in three, a motorbike accident in one and a horse accident in one. At the initial examination, three patients had complete tetraplegia (Frankel A), four had incomplete neurological signs and one was normal on neurological examination. The initial diagnosis was made on antero-posterior and lateral radiographs. The fractured vertebra was C5 in four cases, C6 in two, C4 in one and C7 in one. We considered as a FTDF only fractures with separation of an antero-inferior wedge of the vertebral body and two or more signs of posterior instability among the following: enlargement of the spinous process distance, facet-joint decoaptation or slipping, and spinous process fracture (one case).
The indication for the posterior technique was an FTDF showing an anterior separated fragment on the lateral radiograph and posterior displacement of the vertebral body into the spinal canal (Figs. 5, 6 ). CT scan should show a typical pattern with the anterior fragment involving the anterior or antero-inferior part of the vertebral body, and an additionnal sagittal split fracture through the vertebral body and one or both laminae, with both halves of the fractured vertebra having some degree of posterior displacement towards the canal (Fig. 7) . As a prerequisite, there should be complete continuity between the lamina, articular facet, and hemi-fractured vertebral body, with no fracture involving the pedicles. A fracture involving one or both pedicles, and separating the articular facets from the vertebral body would be a contra-indication for this technique. Another contra-indication would be any associated soft disc hernia possibly threatening the canal content at the time of reduction.
On the initial radiographs, the posterior displacement of the postero-inferior corner of the fractured vertebral body was measured in millimeters as the width between the tip of the postero-inferior corner of the slipped vertebra and a line drawn along the posterior aspect of the vertebral body immediately inferior to the fractured level.
The initial local kyphosis was measured as the angle between the posterior aspect of the fractured vertebral body and the posterior aspect of the vertebral body at the level immediately inferior to the fracture. The general lordosis angle was measured as the angle between the lines drawn from the posterior aspects of the second and seventh vertebral bodies. Antelisthesis and retrolisthesis of the vertebral bodies were recorded above and below the fracture site. Enlargement of the distance between the spinous processes, slipping, and enlargement of the articular space were also recorded.
All cases but two had an initial CT examination prior to the operation; the depth of the anterior separated "tear-drop" component was recorded by reference to the anteroposterior diameter of the vertebral body. All CT scan views were assessed for additional fracture lines, particularly for sagittal plane fractures, lamina fractures, and fracture lines involving the body-lateral mass junction. Two cases had no CT scan but polytomography scan and MRI examination. Assessment for those cases was identical.
All operative procedures were performed in the same hospital. The operation was made immediately in four cases and was delayed by between 1 and 3 days in three cases; in one case with normal neurological status and delayed diagnosis, surgery was performed after 40 days. An initial postoperative radiograph was taken in all cases. Those radiographs were assessed in the same way as the preoperative radiographs and the same measurements were done. Patients were seen regularly in the office or in the rehabilitation center for re-examination, and additional radiographs were taken. These were also assessed and measured in the same way as the preoperative and postoperative radiographs.
All charts and radiographs were assessed by two independent examinors who had performed none of the surgical procedures, and the results were compared. A correlation rate between the results found by the two reviewers was calculated.
Operative technique and postoperative care
After initial resuscitation, the patient was given general anesthesia and fibroscopy-assisted tracheal intubation and turned prone on a C-spine operating table with a head support and no traction. The head was secured to the support with adhesive straps, and the weight of the body in the prone position with slight inclination of the table gave sufficient traction to help reduce the fracture. A posterior midline incision was made and the postero-lateral muscles split down to the posterior arch of the vertebrae. Most of the time, the fractured vertebra was indicated by the fracture of one or both posterior laminae; the corresponding articular facets were seen most of the time in a slightly divergent position, with the width of the posterior arch being larger than those of the upper and lower vertebrae. A three-hole cervical plate was applied bilaterally onto the posterior aspect of the articular mass. First, the cervical plate was given additional bending prior to insertion to accommodate the reduction. Alternatively, no bending was added but a washer was secured under the middle hole of the plate and applied onto the posterior aspect of the facet joint at the fractured level (Figs. 8,   9 ). The washer was secured to the plate with two knots of surgical suture before insertion. Alternatively, a specific plate featuring a middle hole build-up could be used. Screws were driven through the upper and lower holes of both plates and the lateral masses in a sagittal direction. The entry point was right in the middle of each articular process. Tightening the screws, the plate was applied onto the posterior aspect of the lateral masses and the fracture was reduced with the washer screwing home onto the fractured vertebral half. After the reduction, both separated, fractured hemivertebrae could be held together by applying a Müller clawed bone holder on both lateral edges of the articular processes. Then a screw was driven through the plate, washer, and lateral mass and securely tightened at the fractured level. These screws should not be tightened too much, because they could probably pull the fractured parts backwards into the spinal canal in a "corkscrew effect". Their role is to hold the washers in the correct position against the posterior showing complete continuity between the lamina, articular facet, and hemi-fractured vertebral body, with no fracture involving the pedicles aspect of the lateral masses and to maintain the hemivertebrae against each other in a reduced position in the frontal plane. A radiograph was taken, or the reduction controlled on the image intensifier. A laminectomy could be done at this time in neurologically impaired patients. The wound was then washed and the posterior muscles closed plane by plane. Postoperatively, a cervical brace was worn for 3 months until the radiograph showed complete healing, usually by 3 months (Figs. 10, 11 ).
Results
Preoperatively, the average posterior displacement of the postero-inferior corner of the fractured body was 4.8 ± 1.6 mm (range 1.5-6 mm). The initial local kyphosis angle as measured between the posterior walls of the underlying and the fractured vertebra was 6.3°± 5.6°(0°-16°) at first examination; the general C2-C7 lordosis angle was intially 19°± 6.3°(range 11°-27°). Antelisthesis and retrolisthesis of the vertebral bodies were recorded above and below the fracture site; in no case was it considered significant (> 2 mm). On the CT scan or MR image, all cases had a typical sagittal plane component and a fracture of the posterior arch through one or both laminae. The lamina fracture was on the right side in two cases, on the left in one, and bilateral in five.
114 Fig. 8 Other patient (case no. 7). Preoperative lateral view: C5 tear-drop pattern with posterior displacement involving more than 50% of the canal in a completely tetraplegic patient Fig. 9 The "washer technique": postoperative lateral radiograph in the same patient as Fig. 8 (case no. 7) showing complete reduction, with the washer pushing forward on the articular process-half body unit Postoperatively, no infection and no complication occurred. All operative wounds healed by 15 days. On the radiographs, the mean measured postoperative "kyphosis" angle was -2.7°± 3.5°, showing that no residual local kyphosis was allowed by the procedure, but instead a normal lordosis was restored. No residual posterior slipping was found on the postoperative radiograph; the posterior displacement of the postero-inferior corner of the fractured vertebral body was 0 mm in seven cases, and positive but less than 1 mm in one case. The overall measured postoperative C2-C7 lordosis was 18°± 3.9°(range 12°-25°). No spinous process distance enlargement or articular space widening was found. In all cases, the restoration of the anatomy was found to be satisfactory.
The mean follow-up duration was 18.6±12.1 months (range 8.5-46.8 months). At the latest follow-up, all patients had no neck pain. Of the seven neurologically impaired patients, five had some motor improvement, ranging from Frankel B to Frankel D. According to the scale of Frankel, three patients improved by two grades, one improved by one grade and three had no improvement. Four patients had anterior cord syndrome, two had a Brown-Sequard syndrome, and one remained completely tetraplegic. In the single non-neurologically ill patient, no neurologic impairment occurred. No radiograph showed any degree of secondary fracture displacement. Radiologic healing of the antero-inferior "wedge" fragment occurred by 3 months in all cases. The mean local wedging angle was -3°± 3.8°(range -9°-2°); the mean general C2-C7 lordosis angle was 20.3°± 9.3°(range 10°-38°) and no recurrent posterior slipping was found. No patient had to be reoperated. No significant difference was found between the results given by the two different reviewers.
Discussion
The typical tear-drop fracture pattern was first described by Schneider and Kahn as an unstable condition following an acute flexion injury to the cervical spine, leading to malunion and symptoms of chronic instability with further chronic cord compression and cervical myelopathy [20] . These authors also described the frequent occurrence in this condition of an anterior cord syndrome with complete motor paraplegia, light touch impairment, and position and motion sense sparing. The first radiological feature to be described was an antero-inferior corner wedge "tear-drop" separation fracture, with posterior displacement of the postero-inferior aspect of the fractured vertebra into the spinal canal [19] . Additional radiological features were added by Lee et al. [14] and Fuentes et al. [7] , including a frequent sagittal fracture line through the vertebral body and posterior lamina. Harris et al. [9] summarized the lesions as "flexion tear-drop" and "extension tear-drop". The latter is a rather different injury involving facial trauma, anterior soft tissue lesions such as anterior longitudinal ligament disruption, an extension mechanism [13, 15] , and a preferred site located at C2. This fracture pattern was not included in our study. It is only flexion tear-drop fractures that show the typical radiological pattern with a sagittal plane associated fracture and a high potential of instability, with 75% (52-82%) [12, 22] neurological impairment. The exact incidence of sagittal plane fracture is still controversial, ranging from 44% [14] to 87% [11] . Published data about consistently large series fail to assess all cases with accurate CT scan examination [22] , despite it being recognized as superior to polytomography alone. In our experience, using modern CT imaging possibilities with thin, millimetric slices, a sagittal plane component was found in all flexion teardrop fractures. Despite our feeling that CT examination may find a higher percentage of sagittal plane fractures, this issue will not be discussed here.
To our knowledge, the occurrence of any disruption between the vertebral body and lateral masses has never been addressed in any published series. Such a combined lesion would be a lateral mass separation associated with the tear-drop pattern; so far it has never been described in any series. Using the often overlooked fact that the hemivertebra remains in continuity with the lateral masses, this study succeeded in demonstrating that an accurate reduction of the fractured body is possible by acting on it through the lateral masses by a posterior approach and plating.
Another concern about posterior reduction in cervical spine trauma has been the possible occurrence of soft tissue disc material protruding into the spinal canal at the time of reduction and causing neurological impairment [17] . Such an occurrence has been systematically looked for in all cases of cervical spine trauma at our institution. To our knowledge, although the possible occurrence of soft disc hernia has been strongly emphasized in cervical dislocation [6] and some fracture dislocations, a combined soft disc hernia has never been described in teardrop injuries, where spinal disruption occurs mainly within the vertebral body and neurological involvement is rather due to a posterior bony protrusion. Should such a case be encountered on the systematic preoperative CT examination, we would not advocate the posterior technique, being unaware of the possible behavior of the disc material while restoring the shape of the vertebral body and cervical spine.
Due to the consistent analogy and confusion with cervical burst fractures [2, 21] , anterior excision of the vertebral body and bone grafting, with or without plating, has been advocated by several authors to "fill the gap" of the fractured body and ensure the stability of the three-column lesion [1, 4, 8, 16] . Orthopedic, nonoperative treatment alone has been applied by Johnson and Cannon [10] , with varying success. The study showed only one instability necessitating surgical fusion, but out of four incomplete neurological lesions, only one demonstrated any de-gree of functional recovery; no worsening occurred in the others. The follow-up was 12 weeks only. Thus, surgical treatment appears to be the only way to obtain acceptable cord decompression with canal restoration and to restore cervical spine stability. Vertebrectomy and fusion was applied first and strongly advocated by Garger et al. [8] in 1969. They reported complete recovery in a case of incomplete tetraplegia where a large anterior decompression had been performed. Other authors emphasized the need for either combined anterior and posterior stabilisation and fusion, or anterior fusion only necessitating a plate [3, 5] . Many studies that address the issue of tear-drop fractures look at mixed patterns, including tear-drop, facet dislocations, and comminuted burst fractures. We believe there should be a different rationale underlying each of these conditions; in particular, there is no need for bony excision in tear-drop fractures if all bone fragments can be reduced adequately, the spinal canal is restored, and healing is expected within a few months with good stability.
Conversely, the technique we describe not only makes it possible to obtain accurate reduction of acute flexion tear-drop fractures, but it has succeeded in achieving a satisfactory reduction and healing in all cases, with consistently good spinal canal restoration.
Conclusion
The rationale for posterior reduction in neurologically impaired patients is its simplicity: the fracture is reduced through a single approach with no bone excision and no graft. The reduction is made easy and straighforward and the morbidity due to the graft site is avoided. Due to its simplicity and lack of complications, the procedure appears to be cost-effective.
We believe this technique is a simpler way to treat such lesions than anterior bone excision and grafting, and allows a better reduction by controlling the posterior displacement of the bone fragments. Furthermore, a posterior approach to the cervical spine appears to be a better option in tetraplegic patients, who have to sustain a tracheostomy close to the operating site. The question of whether an associated bone graft would be a valuable addition to the technique is still pending. This issue was not addressed in the study, as no secondary displacement occurred in our patients and healing of the so-called "teardrop" wedge antero-inferior fractured fragment was obtained in all cases within a few months.
